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Abstract  
This article contributes a summary of the encouraging results achieved during a pilot study on research into project progress 
measurement theory and its impact on project success.  
Project success is a popular research topic and much research has been published demonstrating the poor track record of project 
management. Strategic and time-critical projects are often late, which may impact on the future of the organisation. 
The hypothesis tested in this pilot study can be stated as follows: “there is a strong correlation between project progress 
measurement methodology and on-time completion”. The null hypothesis is that “there is no correlation between project 
progress measurement methodology and on-time completion” 
Five industrial projects were utilized as test projects; they were compared to six control projects. Focused measurements and 
daily reports were utilized to guide project decision-making. These time-critical projects were completed on-time or in three 
cases on average 27% early.  The results demonstrated support for the hypothesis.  
It was found that by varying the progress measurement methodology, significant improvements can be achieved in on-time 
performance of projects. The indication is that the implementation of project measurement theory proposed by the authors 
indeed has a significant impact on on-time completion of projects and the reduction of due date risk. This is specifically relevant 
when on-time completion of projects is of strategic importance, or when early completion yields significant commercial value. 
Further research is required into mechanisms, challenges, applicability and underlying theory related to project progress 
measurement. 
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1. Introduction 
Projects are the principal means by which we change our world (Pinto, 2010). In the 21st century of increasing 
international competition, this increases the demands on project and portfolio management to contribute to 
organisational success and strategy delivery.  Project management and project portfolio management have 
developed significantly, from an operational discipline in the mid 1900s to being viewed as a primary contributor 
to achieving an organisation’s strategy in the early 21st century (Srivannaboon, 2005). This acknowledgement of 
their strategic importance was accompanied by renewed focus on project success, but such success was found to be 
elusive.  
The erstwhile definition of project success as compliance with schedule, cost and quality requirements, the so-
called iron triangle (Atkinson, 1999), has limitations and there is little agreement in research on what constitutes 
project success (Shenhar, Dvir, Levy, & Maltz, 2002).  The definition of project success has changed and matured 
during the past 40 years. Key questions when defining it relate to how much of the project lifecycle, the product
lifecycle and the organisational lifecycle are included. Can the project be a success if the product fails to satisfy 
key stakeholders, or is the project a success if the organisation fails? 
The study focuses specifically on time-critical projects, where the strategic performance of the organisation is at 
risk if projects are not completed in time. This could take the form of either catastrophic failure of the organisation 
or significant financial loss due to late completion of a project.  Examples of projects where early or on-time 
completion is of strategic importance include: (1) meeting the launch date of a product or event, e.g. the Olympic 
Games opening event and (2) commissioning of mega capital projects, e.g. a nuclear or fossil fuel power station, or 
construction of commercial property, where delayed commercial availability results in financial implications which 
could challenge the organisation’s survival. 
For the purposes of this study, project success was therefore defined as “achieving the strategic intent of the 
organisation through completion of the project within the expected timeframe, while complying with 
requirements of the key stakeholders with respect to safety, cost, quality, environment and legislation”. 
This paper reports on a pilot study relating to the theory of measurement for projects. The first section presents 
the background to the study. The relevance of this research is presented against the backdrop of poor on-time 
performance of project management. The importance of measurement is emphasized through its historical scientific 
contribution as “the language of all things” as well as by the lack of research attention to project measurements. 
Brief overviews of critical chain project management and lean project management are presented. 
The paper further provides background to the experimental approach and an overview of measurement 
parameters and measurement methodology.  Findings of the study are subsequently discussed. Finally conclusions 
are presented, as well as recommendations for further research. 
2. Background 
2.1. Backdrop to poor on-time completion of projects 
Research into the success and failure of projects indicates that project management is not delivering the success 
originally intended. The Standish Group scanned more than 800 projects for its 1994 report, and concluded that 
only 16% of the projects met the time, budget and quality goals originally agreed (Standish Group, 1994). This 
improved to a meager 28% by 2010 (Standish Group, 2010).  Even when the critique of the Standish results e.g. 
(Eveleens & Verhoef, 2009) was acknowledged, and the results were qualified, project performance was still 
significantly less than desired.  Morris stated that “despite the enormous attention project management has received 
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over the years, the track record of projects stays fundamentally poor,...” (Morris, 1990). IPA utilizes an expanded 
definition of project success, which defines project success when projects are less than 25% late and less than 25% 
over budget. Its research indicates that still only 35% of projects can be classified as successful (Merrow, 2011) 
The specific failure mode of interest to this study was late completion. This includes both the internal definition 
of being late “according to the project baseline plan”, as well as the external definition of being late as “late 
according to stakeholder expectations” 
As early as 1981 Schonberger demonstrated that the likely project duration was understated (by the 
deterministic project scheduling mechanisms of the critical path method) (Schonberger, 1981). His conclusions, 
stated below, were based on the interdependency of network paths: 
• The project will always be late, relative to the deterministic critical path 
• This is exacerbated by activity time-variability, driving proportional levels of late completion 
• The level of late completion is further directly proportional to the number of tasks in the network (as it 
multiplies the opportunities for interdependency, which drives this phenomenon) 
• Simulating the network (e.g. Monte Carlo analysis) provides additional information, but there is “no good way 
to compensate for the discrepancy between the critical path duration and the ‘true’ (simulated) duration, because 
Parkinson’s law tends to counter one’s best efforts” 
• The project manager should rather subjectively evaluate the duration and determine a suitable commitment for 
project completion. 
Schonberger’s conclusions provide very limited guidance to project managers on how to determine a “suitable 
commitment” for the project completion date. Even when such a commitment is determined, there is no guidance 
on how the project should be managed to perform against the commitment, as the deterministic critical path 
schedule, according to Schonberger, is inherently flawed. Fondahl a year earlier also expressed this view, by stating 
“it is practically not possible – or at least very difficult - to maintain an up-to-date plan” (Fondahl, 1980). Although 
these statements provide important warnings to the project manager, neither provides any guidance on viable 
actions to mitigate the risk. 
Williams contributed the view that the underlying assumptions of project management bodies of knowledge, 
particularly PMBOK (Project Management Institute, 2013), are challenged, and will lead to extreme overruns when 
complex projects with high levels of uncertainty and tight time constraints are managed conventionally. He states 
strongly, “The current prescriptive dominant discourse of project management contains implicit underlying 
assumptions with which the systemic modeling work clashes, indeed showing how conventional methods can 
exacerbate rather than alleviate project problems” (Williams, 2005). 
2.2. Background to project measurement 
The importance of measurement, as the basis of knowledge, is well accepted, but research in project 
management measurement is limited. 
Lord Kelvin had already verbalized in 1883, “when you can measure what you are speaking about and express it 
in numbers, you know something about it”, as reported by (Aumala, 1999). Galileo Galilei (1564–1642) is 
recognized as the founder of modern physics based on measurement. His motto of: “Count what is countable, 
measure what is measurable, and what is not measurable make it measurable”, guided the development of modern 
science (translated from G. Galilei, II Saggiatore, 1632) as reported by Aumala (Aumala, 1999). 
Kwak reviewed project management articles published from 1950s to 2000 and reported that the concept of task 
and performance measurement was only addressed in 5% of the 675 papers (Kwak et al., 2009:435). Attention to 
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task and performance measurement improved in the first decade of the 21st century to 10%. This low focus on 
measurement is in stark contrast with the requirements from industry. The study by (Morris et al., 2006:461) in 
support of the updating of the APM PMBOK surveyed 10 industries and reported a 90% support level for 
additional research into task performance measurement (categorized under project control and earned value 
measurement). The research by Rai et al found that monitoring and control best distinguished between projects 
which achieved on-time completion and escalated projects (Rai, Mann, Zhang, & Keil, 2003).  
However significant challenges emerge when “human perception” is utilized in the measurement process. The 
concept of “measurability” is very important. In the first half of the 20th century “measurability” was considered of 
such importance that the British Association for the Advancement of Science appointed a committee (composed of 
physicists and psychologists) to report on the possibility of providing quantitative estimates of human perceptions 
(of physical stimuli).  The committee reported the impossibility of reconciling the views of the physicists and 
psychologists towards a common understanding of measurement (Ferguson, Myers, & Bartlett, 1940). The 
physicists took a strong stance against the possibility of making measurements in the behavioural sciences. This led 
to parallel but separate developments of measurement science in the physical sciences vs. the behavioural sciences, 
with consequences that exist to the present (Rossi, 2007). Mari stated the two categories of definitions for 
measurement as: 
• Measurement is the set of operations to determine the value of an attribute 
• Measurement is the process of assigning a number to an attributes (Mari, 1998). 
Measuring non-physical attributes, as in the case of project progress measurement, leads to analogies with 
further forms of evaluation, such as estimation and judgment.  This requires the acknowledgment of a subjective 
component of measurement, at least as it relates to the unavoidable presence of the measurer’s judgment (Mari, 
1998), leading to measurement becoming an activity of decision-making (West Churchman, 1959). This has far-
reaching implications for project management, yet the impact of human dynamics is not widely included in project 
management methodologies. 
2.3. CCPM and lean project management 
Both critical chain project management and lean project management developed from their beginnings in the 
manufacturing industry into applications in the project management world. 
Critical chain project management (CCPM) contributed significant theory towards improved project planning 
and execution (Goldratt, 1997). In essence the critical chain is the longest chain of dependent activities, including 
resource constraints. Without resource constraints, the critical chain and the critical path are similar. A primary 
contribution of CCPM is the project buffer which protects the due date. Goldratt stated that a typical project 
schedule is developed from “worst-case” estimates, or at least estimates which are in the 80%+ confidence interval. 
A significant contingency margin is therefore included in each duration estimate (compared to the best case 
estimate). This is required because the proverbial “Murphy’s law” will contribute to unforeseen delays on some 
tasks. Experience has nonetheless demonstrated that although the unforeseen will impact on some tasks, most will 
not be affected. However, the contingency allocation embedded in each task does not contribute to improved on-
time completion of projects (due to student syndrome and Parkinson’s law (Goldratt, 1997). CCPM creates the 
project buffer by removing contingencies from task duration estimates and accumulating them into one project 
buffer.  This can be achieved by requesting estimates without contingency margins, which in practice is found to be 
very difficult. An alternative is to reduce all task durations by 50%, utilizing 25% for the project buffer and 
allocating 25% to the client as an early completion commitment.  It is accepted that part of the 25% project buffer 
will be consumed during the course of the project by unforeseen events. 
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However, unless a fundamental new “way of managing progress” is utilized during the execution phase, there is 
only a limited difference from traditional attempts to reduce task duration (by buffering the completion date with a 
contingency). One key towards a fundamental new “way of managing” progress is the realization that it is not 
important to complete each task on time; however it is very important to complete the entire project on time. This 
change from local optimization to global optimization, and alignment of all efforts towards the global goal, 
underlies the theory of constraints. CCPM, and the thinking processes supporting the theory of constraints, 
contributed various tools to resolve the conflicts underlying the achievement of this ambitious goal of reducing 
project duration by 25%.  Traditionally the primary mechanism available to ensure projects were delivered on-time 
was to ensure that each separate task was completed on-time. Owing to the increased focus on completing the 
project as a whole on time and the realization that completing individual tasks on time is not “that” important 
anymore, a fundamentally new method of measurement is required.  Improved project measurement theory can 
therefore contribute to the project management and the CCPM knowledge bases. 
Lean project management evolved from the original development of the lean methodology as it was applied in 
manufacturing. It relies on reducing the “seven wastes” of defects, over-production, transportation, waiting, 
inventory, motion and processing. The theory of constraints provides a focusing mechanism to identify the specific 
“waste” which provides best opportunity.  In the translation of the lean principle from manufacturing to project 
management, we therefore pay particular attention to reducing time waste. This study defined “wasted time” as any 
time on the critical path which does not contribute to customer value: a definition which required supporting 
measurement methodologies to identify, measure and focus attention on reducing wasted time. 
A pilot study was necessary to indicate whether the improved measurement methodology resulted in enhanced 
project on-time performance and to test the hypothesis of “a strong correlation between project progress 
measurement methodology and on-time completion” 
3. Approach for pilot study  
The pilot study was executed in four phases, i.e.: (1) identify test projects, (2) identify relevant control projects, 
(3) execute the test projects and (4) evaluate the results. 
The research utilized data from multiple case studies undertaken into various industrial projects. Since “how” 
and “why” questions are asked, rather than conducting an investigation into frequencies and incidences, case 
studies were preferred as research methodology (Yin, 1989). The purpose of case study research is to compare 
theory and data, iterating towards a practical theory that closely fits the data. This is based on adaptive replication. 
A series of experiments (case studies) is performed, each with the purpose of confirming or refuting the hypothesis, 
and of providing additional insight (Hameri & Heikkila, 2002). Cases which confirm the hypothesis under study, 
enhance the confidence in its validity, while cases which do not confirm the relationships, often provide an 
opportunity for richer understanding (Eisenhardt, 1989). 
A pilot study was formulated to evaluate the hypothesis, and executed between 2008 and 2010. Time-critical 
projects were selected for the pilot, which included five industrial projects with durations between 50 and 100 days 
and a value range of USD10-20 million. The value of early completion was in the order of USD 1 million per day. 
Six previous projects from the same industry were used as reference cases. Two of the test projects were executed 
on the same industrial site and by the same teams as the reference cases. Care was taken to ensure no obvious 
external factors were different between the test projects and the reference projects. Specific attention was accorded 
to ensuring there were no negative impacts on cost, quality, safety, environmental and regulatory compliance. 
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Following from the knowledge bases of CCPM and lean methodology, attention was focused on time wasted. 
Specific measurements were developed to focus both management and task supervisor attention. This was 
developed through the disaggregation of “time” on the critical path. 
4. Measurement parameters  
Project duration can be written as the summation of critical path task durations. 
ܲݎ݋݆݁ܿݐ݀ݑݎܽݐ݅݋݊ ൌ σ ܦݑݎܽݐ݅݋݊݋݂ݐܽݏ݇ܰ݋݊ܿݎ݅ݐ݈݅ܿܽ݌ܽݐ݄ሺͳሻ௟௔௦௧௧௔௦௞௢௡௖௥௜௧௜௖௔௟௣௔௧௛௧௔௦௞ଵ௢௡௖௥௜௧௜௖௔௟௣௔௧௛   
For the simplified case of two tasks, the project duration can be written as: 
ܲݎ݋݆݁ܿݐ݀ݑݎܽݐ݅݋݊ ൌ  ሺ݀ݑݎܽݐ݅݋݊݋݂ܶܽݏ݇ܣሻ ൅ ሺ݀ݑݎܽݐ݅݋݊݋݂ܶܽݏ݇ܤሻ                   (2) 
We define ܣௗ as the duration of Task A, which can be written as: 
ܲݎ݋݆݁ܿݐܦݑݎܽݐ݅݋݊ ൌ ܣௗ ൅ܤௗሺ͵ሻ
This can be expanded to include determinants of total duration, as summarized in figure 1: 
Fig. 1. Summarized components of project duration 
Using the following definitions: 
ܣ௪ ൌ Ǧ݋ݎݓ݋ݎ݇ െ ݐ݅݉݁݋݊ݐܽݏ݇ܣ
ܣ௖ ൌ ܿ݋݊ݐ݅݊݃݁݊ܿݕݐ݅݉݁݈݈ܽ݋ݓܽ݊ܿ݁݂݋ݎܶܽݏ݇ܣ
ܤ௚ ൌ ݀ݑݎܽݐ݅݋݊݋݂ݐ݅݉݁ܾ݁ݐݓ݁݁݊ܶܽݏ݇ܣ݂݅݊݅ݏ݄݅݊݃ܽ݊݀ܶܽݏ݇ܤݏݐܽݎݐ݅݊݃
ܥ௚ ൌ ݀ݑݎܽݐ݅݋݊݋݂ݐ݅݉݁ܾ݁ݐݓ݁݁݊݈ܽݏݐݐܽݏ݇݂݅݊݅ݏ݄݁݀ܽ݊݀݌ݎ݋݆݁ܿݐݎ݁݌݋ݎݐ݁݀ܿ݋݉݌݈݁ݐ݁
Project duration can then be written as: 
ܲݎ݋݆݁ܿݐ݀ݑݎܽݐ݅݋݊ ൌ ܣ௪ ൅ ܣ஼ ൅ ܤ௚ ൅ ܤ௪ ൅ ܤ௖ ൅ܥ௚ሺͶሻ
This relates to equation 3 through  
ܣௗ ൌ ܣ௪ ൅ ܣ஼ሺͷሻ
where both Bg and Cg are assumed to be zero, or at least much smaller than Ad and Bd. 
dŝŵĞǁŽƌŬŝŶŐŽŶ
dĂƐŬ
dŝŵĞďĞƚǁĞĞŶ
dĂƐŬĨŝŶŝƐŚŝŶŐ
ĂŶĚdĂƐŬ
ƐƚĂƌƚŝŶŐ
dĂƐŬ
ĐŽŶƚŝŶŐĞŶĐǇ
dŝŵĞǁŽƌŬŝŶŐŽŶ
dĂƐŬ dŝŵĞďĞƚǁĞĞŶůĂƐƚ
ƚĂƐŬĨŝŶŝƐŚĞĚĂŶĚ
ƉƌŽũĞĐƚƌĞƉŽƌƚĞĚ
ĐŽŵƉůĞƚĞ
dĂƐŬ
ĐŽŶƚŝŶŐĞŶĐǇ
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Making the assumption that management time is limited, weighted attention indexes were allocated to the 
various components for equation 4. This influenced the development of specific measurements and reporting 
mechanisms for the various components. It is important to note the different characteristics of these components, 
including determinability, distribution skewness, measurability and human bias in measurements. 
5. Findings from pilot study 
The historic on-time performance of the project series, as demonstrated by the control projects, was not acceptable. 
None of the control projects were completed on time. The traditional mechanism to reduce risk and improve on-
time performance was to request additional time on each subsequent project. Due to the significant value of one 
day’s delay in the project, an initiative was required to address these excessive project duration extensions. All the 
control projects utilized “percentage complete per task” as progress measurement. Due date performance of the 
control projects is presented in Table 1: 
Table 1. Control Projects 
Control projects Planned Duration Actual Duration Comments Commercial impact 
Project A1 86 96 10 days late USD 11 million loss 
Project A2 37 49 12 days late USD 13 million loss 
Project A3 58 74 16 days late USD 17 million loss 
Project A4 62 85 23 days late USD 25 million loss 
Project A5 56 57 1 day late USD 1 million loss 
Project A6 42 53 11 days late USD 12 million loss 
The average performance of the control projects was 12 days late. This resulted in a total net loss of USD79 
million with an average loss of USD 13 million per project.  
The test projects were planned utilizing the principle of critical chain project buffers. Critical chain methodology 
requires a 50% cut in the duration of tasks, utilizing 25% as a project buffer, with 25% being presented to the client 
as the benefit. Due to local management and labour demands, only 25% were cut and the full 25% made available 
as the buffer. Daily reports, focusing on the measurements suggested, were utilized to guide project decision-
making.  
Coaching was provided to support appropriate management action and decision-making, based on the 
measurement information received. It was observed that management actions significantly affected the integrity of 
measurements reported the next day (this requires further research). Integrated daily reports were developed to 
demonstrate to management and the project team what the impact of the measurements was.  
Here the case study research methodology proved invaluable. Actions taken by both management and team 
members were reviewed in detail, which provided insights and further opportunity to leverage results. Actions to 
actively support the measurements were witnessed and documented, as were actions to undermine the 
measurements. In-depth interviews were documented in order to understand these causes. This provided valuable 
data for further research. 
The results from the test projects are presented in Table 2: 
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Table 2.  Test Projects 
Test projects Planned Duration Actual Duration Comments Commercial benefit 
(profit) 
Project B1 100 82 18 days early USD 19 million  
Project B2 96 68 28 days early USD 20 million 
Project B3 50 50 On time  
Project B4 58 59 1 day late USD 1 million loss 
Project B5 100 64 36 days early USD 39 million 
The test projects contributed in several ways.  
(1) They demonstrated significant support for the hypothesis that project performance, specifically due-date 
performance, is related to measurement methodology.
(2) They provided large amounts of data to support further research into the detailed mechanisms and 
challenges of measurement methodologies for projects. 
(3) They established that due date risk can be significantly reduced without negative impacts on cost, quality, 
safety, environmental or regulatory compliance. 
(4) They demonstrated that significant benefit is available through enhanced measurement methodologies, 
delivering USD 77 million of net profit on the test projects. 
(5) The average 12 days late was transformed into an average of 16 days early. This swing of 28 days, in the 
context of 100 day projects, is of significant strategic value. 
Results from the case study, which suggest further research, include: 
(1) The significant impact of management action on the integrity of measurement information 
(2) The perceived undermining of attempts to measure Ac (or reluctance to measure Ac) 
(3) The unexpected proportionality and size of Bg 
(4) The result on Cg after measuring and reporting Bg
(5) The value and impact of information feedback to the project team. 
The concept of WYMIWYG (What you measure is what you get) as mentioned by Hummel and Huitt in the 
context of education, was until now not utilized in project management (Hummel & Huitt, 1994). It seems as 
applicable in project management and although intuitively “old news” to practicing project managers, provides 
much food for academic research. 
6. Conclusion 
The results from the pilot study were encouraging and demonstrated significant support for the hypothesis that 
there is a correlation between project progress measurement methodology and project on-time completion. 
Galileo wrote “measure it, or make it measurable.” Lord Kelvin argued that knowledge requires measurements. 
Utilising the focusing mechanism of CCPM and the tools of lean methodology, project time was disaggregated. 
This provided the opportunity to “measure” and “know”. The improved attention to execution, specifically to 
project progress measurement, exerted a significant influence on project duration.  
Understanding the finite capacity of management attention and the impact of measurement visibility, different 
levels of focus were allocated to the different components of project time. Thus by creating new measurement 
parameters and altering the focus of management attention, improved on-time performance was achieved. 
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Project progress measurement is situated at the confluence of project management theory, measurement theory 
and human dynamics. These case studies confirmed that project measurement provides a rich source of leverage 
towards a project’s success (on-time completion). However, the impact of human dynamics on project 
measurement has received little research attention. Due to the inevitable human involvement in the project 
measurement process, project measurement tended toward decision-making, which directed attention to the two 
definitions of measurement: “determining the value” vs. “assigning a value”.   
It is evident that complex project environments require renewed attention to appropriate measurement 
methodology. 
7. Recommendations 
The encouraging results of the pilot study suggest potential significant value in further research. Further research 
questions specifically relate to: (1) the detailed mechanisms and challenges of measurement methodologies applied 
to projects, (2) the limitations and scope of applicability of this hypothesis and (3) the underlying project theory 
which supports this phenomenon. 
Research is required in project measurement theory, and specifically relating to the four basic criteria for a 
theory: (1) definitions of concepts, (2) definition of domain and limitations, (3) definitions of key relationships, and 
(4) predictive claims (Wacker, 1998).  In order to be a “good” theory, it must further include the qualities of  
“uniqueness, parsimony, conservation, generalizability, fecundity, internal consistency, empirical riskiness, and 
abstraction” (Klemke, Hollinger, & Kline, 1998) 
There is much work ahead, but its value to the project management discipline and to organisations will be 
significant. 
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